In most parts of Africa, the process of fermentation is not controlled and does not adhere to good manufacturing practices, therefore spoilage and pathogenic microorganisms can alter the quality of the end product and may cause foodborne illness. Traditional fermented products are mostly processed in an environment which creates a selection of microorganisms that produce the desired end product. In an attempt to find Lactobacilli which have probiotic properties and can be used in the development of starter culture for controlled fermentation of cereal products, the microbial populations of maize flour, overnight soaked dough, fermented cooked porridge, Mkarango and Busaa were enumerated and the inherent lactobacilli isolated. The microbial and biochemical profiles of the 6 days spontaneous Mkarango fermentation process were determined. The total viable count was 6.93 log cfu/g for fermented cooked porridge, 7.70 log cfu/g in Mkarango and 8.58 log cfu/g for Busaa. Lactobacilli counts were higher in maize flour with 7.43 log cfu/g while Enterobactericeae were lower in Mkarango. The highest moulds and yeasts counts were observed for Busaa, 7.25 log cfu/g. The lactobacilli isolates from fermented maize based products from western Kenya were predominantly Lactobacillus fermentum and Lactobacillus Plantarum. During fermentation time, Lactobacilli increased from 6.62 to 12.46 log cfu/g after 3 days of fermentation. From day 4, an increase in moulds and yeast count was observed, varying from 8.42 to 10.53 log cfu/g. Enterobactericeae count decreased from 5.99 log cfu/g on day 1 to less than 1 log cfu/g on day 6. Titratable acidity increased from 0.32% to 0.73% on day 5. Inversely, the pH of Mkarango decreased sharply from 6.64 to 3.64 on day 5 and slightly increased on the last day of fermentation. The microbial status of finished fermented maize based products is predominated by Lactobacilli and their isolates are predominantly Lactobacilli especially Lactobacillus fermentum and Lactobacillus Plantarum though further molecular tests are needed to confirm the species.
introduction Fermentation is among the oldest methods of food preservation 1 . Traditional fermented foods have their functionalities enhanced through development of flavours, aromas and textures, and are preserved through acidic, alcoholic or alkaline fermentations and enriched with protein and many nutrients 2, 3 . African fermented maize based products include Uji (porridge) and Busaa in Kenya, kenkey, banku, ogi, and koko from Ghana and Nigeria 4, 5 . Microorganisms are found in fermented foods as a result of indigenous microbiota of substrates, utensils and containers or added as star ter culture 6 . The major microorganisms implicated in fermentation of maize products include lactic acid bacteria (LAB) such as Lactobacillus fermentum,
Lactobacillus reuteri, Lactobacillus rhamnosu, Lactobacillus casei, Lactobacillus plantalum, Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus alimemtarius, Lactococcus lactis, Entorococcus faecium, Leuconostoc mesentoroids
and Pediococcus spp as well as yeasts [7] [8] [9] . Traditional fermentation depends on inoculation of earlier fermented product; however, commercial starter cultures are currently available to ensure constancy and reliability of processes and products 10 . Traditional fermented products are mostly processed in a non-sterile environment which creates a selection of microorganisms that produce the desired end product however there is an increased risk of spoilage and unsafe products 11, 12 as a result of uncontrolled fermentation. The present study contributes towards determining the microbial status of fermented maize products from Western Kenya and isolating inherent lactobacilli which can be used in the development of starter culture for a controlled fermentation of Mkarango and other cereal products. This may result in enhanced fermentation process for maize products leading to optimization of their desired qualities as well as identifying the lactobacilli with probiotic properties. In Western part of Kenya, maize is a staple food of great socio-economic importance and a source of income and employment for millions of farming families in the region 13, 14 . In the present study, the microbial populations of maize flour, overnight soaked dough, fermented cooked porridge, Mkarango and Busaa were enumerated and the naturally present lactobacilli isolated. The microbial and biochemical profiles of the 6 days spontaneous Mkarango fermentation process were also determined.
Materials and Methods

Sampling of Fermented Maize Based Products
Fermented maize based products were sampled from Kakamega and Homa Bay Counties in western Kenya where the population predominantly consumes maize moreover, maize is a staple food of great socio-economic importance and a source of income and employment 13, 14 . Five fermented maize based products: flour, overnight soaked dough, spontaneously fermented cooked porridge, Mkarango (roasted fermented maize flour) and Busaa (anaerobically fermented alcoholic beverage from maize) were sampled from five randomly selected producers, each providing all the five products. A total of 25 samples (15 from Kakamega and 10 from Homa Bay) were analysed. Samples were aseptically packed and taken to University of Nairobi for Laboratory analysis. . For oxidase test, isolated colonies were streaked on filter paper containing oxidase reagent. A positive detection was observed by colour change within 10 seconds. For glucose fermentation test, using an inoculation needle, selected colonies were stabbed into tubes of glucose agar and incubated at 37 o C for 24 hours. The positive reaction was indicated by yellow colour development.
enumeration of total viable Count of Fermented Maize Based Products
Characterization of Lactobacilli in Fermented Maize Based Products
In order to characterize Lactobacilli, the confirmation and biochemical tests were conducted as described in the literature [19] [20] [21] . Colonies of Lactobacilli were examined for cell morphologies, cell arrangement, Gram staining, spore formation and catalase test. Rod shaped, Gram positive, catalase negative and non-spore forming isolates were purified and characterised by biochemical tests (sugar fermentation, growth in 6.5% Sodium chloride and motility test) and the isolates were identified in reference to Bergey's Manual of Determinative of Bacteriology as per Holt et al., 22 .
Gram Staining test and Cell Morphology
Colonies of lactobacilli formed on MRS were examined for Gram staining using Gram staining kit (SKU-Pack Size, SIGMA ALDRICH, USA) as described by Pyar and Peh 23 . The colour, morphology and arrangement were observed under light microscopy (LABOMED, USA) using oil immersion objective.
Spore Formation test
The method by Goyal et al., 24 was used for endospore formation test. A smear of lactobacilli isolate was aseptically made on a slide and heat fixed. The slides were placed on a boiling water bath and a primary stain (malachite green) was applied and for 5 minutes then rinsed with water until clear water is observed. The counter stain (safranin) was applied on slide for 20 s and rinsed with water again and the slides were blot dried then observed under the light microscope (LABOMED, USA). Red coloured (non-spore forming) isolates were kept and subjected to further tests.
Catalase test
Catalase test was performed as per the method described by Kale 25 . An isolated presumptive lactobacillus colony was streaked on a slide and a drop of 3% hydrogen peroxide was added. The absence of oxygen effervescence indicated the negative response.
Purification of Lactobacilli isolates from Fermented Products from Western Kenya
Colonies of lactobacilli with different features were streaked on MRS (1.10661.0500, Merck KGaA, Germany) and incubated at 30˚C. The pure cultures were then streaked on Tryptone Soy Agar (TSA) from which they were used for other tests. The isolates were stored in brain heart infusion (BHI) supplemented with yeast extract to avoid their damage at lower temperature.
Sugar Fermentation test for Lactobacilli
An overnight culture of each isolate on Tryptone Soy Agar (TSA) was used to test the fermentation of different sugars. The carbohydrate fermentation test was done on the following sugars: D-Glucose, Lactose, Galactose, Mannitol, Mannose, L-arabinose, D-xylose, Cellobiose, Rhamnose and Fructose. Nutrient broth was supplemented by each sugar (1%). As per the method by Reiner 26 sterile tubes of the solution were inoculated with loopful of isolated Lactobacilli and incubated at 37 0 C for 24 hours after which each tube was inoculated with 2 drops of Phenol red and incubated for 24 hours. Tubes in which red colour changed to yellow indicated fermentation of sugars and acid production. An uninoculated medium was used as control.
Growth of Lactobacilli in 6.5% Sodium Chloride As per Bhardwaj et al., 27 , the isolates were inoculated in MRS broth having NaCl concentration of 6.5%.
The tubes were observed for the presence or absence of growth.
Motility test for Lactobacilli
The method by Ramírez-chavarín et al., 28 was used. Sulfide inodole motility (SIM) was used as motility medium. The isolates were inoculated into the centre of a tube containing SIM medium by stabbing method. The motility of the bacteria was checked by observing the spreading growth in the incubated tubes.
Microbial Changes during Fermentation of Maize dough used to Make Mkarango
Mkarango is a roasted fermented maize flour from wester Kenya. It can be served as such or used further for Busaa making. Mkarango was produced as per Aka et al., 4 . The white maize flour was mixed with water (45%) to form the stiff dough. The mixture was well covered and left at ambient temperature to ferment for six days
The total viable count, Lactobacilli, Enterobacteriaceae, moulds and yeasts counts were monitored daily as described above.
determination of pH and titratable acidity during Maize dough Fermentation
The pH of fermenting dough was measured using a pH meter (pH 315i, WTW82362 Weilheim, Germany). The pH meter was calibrated using buffers of pH 4 and 7. Titratable acidity of fermenting dough was determined as per method by Kunyanga et al., 16 . A sample of 10 ml was titrated with 0.1 N NaOH using phenolphthalein as an indicator. The titratable acidity was expressed as percent lactic acid.
Statistical analysis
Samples collected from Western Kenya producers were analysed in a completely randomized block design where a producer was considered as a block in order to analyse samples which have received the same treatment. Five producers (5 blocks) provided five products making 25 total number of sample. All samples were tested in duplicate and the mean values were recorded.
The Analysis of Variance (ANOVA) was performed and the level of significance was evaluated at p≤0.005; separation of means was done using Duncan test. In order to determine the microbial and biochemical changes during fermentation, three replications of fermentation were made and the mean values with standard deviations were reported.
results
Microbial Composition of Maize based Fermented Products from Western Kenya
Microbial content of maize based products analysed is shown in Table 1 . Total plate counts significantly (p≤0.05) varied among the samples. The highest values were observed in overnight soaked dough (9.47 log cfu/g) and the lowest were found in fermented cooked porridge (6.93 log cfu/g). On the other hand, Lactobacilli count differed significantly (p≤0.05) among the products ranging from 5.12 log cfu/g in fermented cooked porridge to 7.51 log cfu/g in roasted maize flour (Mkarango). 
A1, A11, C3, 4 Figure 1 illustrate the change in microbial content of fermenting Mkarango dough. Lactobacilli were observed to significantly (p≤0.05) increase from the beginning (6.62 log cfu/g) up to the third day of fermentation (12.46 log cfu/g) followed by a slow decrease from fourth to the sixth day.
Microbial Changes during Fermentation Process of Mkarango dough
A significant (p≤0.05) decrease in Lactobacilli was observed on the sixth day (11.32 log cfu/g). Moulds and yeasts significantly (p≤0.05) increased from the fourth up to sixth day of fermentation rising from 8.42 log cfu/g to 10.53 log cfu/g. The Enterobacteriaceae were found to gradually decrease significantly (p≤0.05) during the fermentation period dropping from 5.99 log cfu/g to 1.0 log cfu/g.
titratable acidity aad pH of Fermenting Mkarango dough
Titratable acidity and pH change during fermentation of maize dough is shown in Figure 2 . Titratable acidity and pH were monitored during fermentation cycle of Mkarango dough at the interval of 24 hours (1 day) for 6 days. The pH significantly (p≤0.05) decreased right from day 1 to day 5. It decreased from pH 6.64 on day1 and steadily decreased throughout the fermentation process to 3.64 on day 5. The pH of the dough slightly increased on the sixth day. Titratable acidity significantly (p≤0.05 increased from 0.32% up to 0.73% on the fifth day and it significantly (p≤0.05) decreased on the sixth day.
discussion
Microbial Composition of Fermented Products from Western Kenya
The highest total viable count was observed in the overnight soaked dough and lowest count in fermented cooked porridge. This reduction of microbial load may be attributed to the effect of heat treatment during cooking which is known to have a lethal effect on microorganisms where many non-sporulating bacteria are inactivated at temperatures above 55 o C 29 . The traditional fermentation in the village has little or no control of the microbial growth; this explains the elevated number of microorganisms that was found in all the products. The low pH of the fermented products and the heat treatment by roasting and/or cooking would make these products safe for consumption. However, poor hygienic conditions in which they are processed and handled may lead to the introduction of other microorganisms including pathogenic ones. The levels of Enterobacteriaceae which are hygiene indicators were high in all analysed products. Health Protection Agency 30 set 10 4 cfu/g (4.0 log cfu/g) as the upper limit for Enterobacteriaceae content in all ready-to-eat foods placed on the market. The presence of Enterobacteriaceae shows that a failure occurred during processing and their absence indicates that proper hygienic conditions were maintained during the food manufacturing process 31 . Enterobacteriaceae include many pathogens especially Salmonellae, Shigella dysenteriae, Yersinia enterocolitica and Escherichia coli that may cause foodborne illness in people who regularly consume these foods 31 .
Yeast and mould count was most numerous in Busaa. It has been reported by Kirui et al., 32 that Busaa production involves conditions (ingredients, moisture and ambient temperature) which favour the growth of yeast and mould. Other products analysed contained different counts of yeast and moulds. Most moulds and yeasts have low resistance to heat and do not survive thermal processes in low-acid foods and when found in processed foods, it is an indicator of poor processing or contamination 33 . Moulds and yeasts prevalence in fermented Mkarango (Roasted) from Western Kenya could be attributed to the fact that during and after roasting, the processors continuously touch the dough with their hands in order to make uniform size roasted product. This may introduce other microorganisms including moulds and yeasts. It could also be attributed to poor storage conditions after production.
Lactobacilli count was high in all analysed fermented products and the highest values were observed in overnight soaked dough. This may be attributed to their natural presence in maize flour and on the availability of all growth requirements including moisture and sugars. The values in the present study are similar to those of Ogbonnaya and Chidinma 34 in their studies on Akamu, a traditional fermented maize food (7.50log cfu/g after 24 hours of fermentation) and Omemu3 (7.91 log cfu/g) in Ogi. It has been reported that ingestion of live cells of some strains of lactobacilli in suitable amounts confer a number of positive physiological effects on the host including maintenance of a healthy and equilibrated intestinal flora and enhanced resistance to intestinal infections 35 .
Characterization of Lactobacilli
Predominance of Lactobacillus fer mentum and Lactobacillus plantarum isolates was also observed by Ijabadeniyi 36 , Adegbehingbe 37 and Atter et al., 38 who reported Lactobacillus plantarum and Lactobacillus fermentum to be the most abundant microorganisms in ogi (fermented gruel from maize), Masa (fermented food product produced from maize), mawe (fermented maize meal from Benin) and burukutu (traditional beer in Ghana). Lactobacilli fermentum is considered as an essential microorganism for maize fermentation and avails more starch for other organisms 39 . None of the isolate was motile. This is an indicator that the isolates were lactobacilli since lack of motility is a characteristic of lactic acid bacteria especially the Lactobacilli acidophilus 23, 25 . However, it has been reported that certain species of Lactobacillii spp like Lactobacilli curvatus NRIC 0822 are motile and it was discovered that they contain smaller fragellum with peritrichous organisations 40 .
There was different behaviour toward growth of lactobacilli in 6.5% salt concentration. Most of the isolates were able to grow in such high concentration. Cai et al., 41 reported that lactic acid bacteria grow better in environment of less than 5% Sodium chloride however, some species such as Lactobacillus casie and Lactobacillus fermentum have shown the ability to grow in a medium of 7% Sodium chloride. Salt is an important additive that finds application in food processing and preservation 40 , therefore the ability to growth in saline medium provide lactobacilli a wide range of application especially in fermented food. The present findings are also in accordance with the report that many species of lactobacilli have the ability to withstand high salt concentrations and this makes them useful in food processing compared to other species 42 . All isolates were able to ferment at least five different sugars. The breakdown of sugars into organic acid is important in preservation of fermented food and an indicator that they can feature into starter culture strain formulation 43 . This is in agreement with the findings of Mithun et al., 19 , Akinleye et al., 21 and Bhardwaj et al., 27 who reported the fermentation of simple sugars into acid by lactic acid bacteria.
M i c ro b i a l a n d a c i d i t y C h a n g e s d u r i n g Fermentation of Mkarango
The dough fermentation process was predominated by Lactobacilli. This is in line with other studies done on similar fermented products which reported that Lactobacillus bacteria were the predominant microorganisms involved in the fermentation of products like Ogi 20, 21 , Masa 37 and Gari 44 .
Lactic acid bacteria grow in many foods and quickly decrease the pH to 3.5 or less and competing microorganisms can no longer grow 16 . Moreover, Lactobacilli are able to produce hydrogen peroxide and antibiotics that have a significant effect on other organisms that would, otherwise, cause food spoilage 45 . This may be related to the observed gradual decrease of the Enterobacteriaceae during fermentation dropping from 5.99 log cfu/g to less than 1 log cfu/g at the third day of fermentation.
Yeasts and moulds have also been observed to grow during fermentation of maize flour. Yeasts are widely spread in the environment and are mostly found in liquid foods that have sugars and they survive in a wide range of pH, pH 2 to above pH 9 17 . The starch content of maize flour may have served as a substrate and the acidity produced by breakdown of sugars by Lactobacilli might have restricted their growth since they survive in medium pH values less than 3.38, which was the lowest observed during fermentation.
The pH of the fermented dough decreased and the titratable acidity increased correspondingly. This acidic condition of the product could be due to the lactic acid produced by Lactobacilli which were found predominant during maize dough fermentation 16 . On the other hand, the observed increase in pH and a decrease in titratable acidity towards the end could be explained by the facts that moulds, which were shown to be growing rapidly towards the end of fermentation (6 th day), have the ability to consume acids, which increase the pH and lower the titratable acidity of food products 46 .
Conclusion
The microbial status of finished fermented maize based products is predominated by Lactobacilli and a significant number of Enterobactriaceae whose growth is restricted by acidic environment. The presumptive isolates from fermented maize products from western Kenya are predominantly Lactobacilli especially Lactobacillus fermentum and Lactobacillus plantarum. However, further molecular tests are recommended to confirm these isolates so that they can be used in selection of starter culture for cereal products.
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